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Abstract  1 
When developing a behavioral intervention, formative research should be conducted to 2 
determine which behavioral barriers and facilitators to target. This is often done using 3 
qualitative interviews, but quantitative surveys may also be used. The current study examines 4 
the consequences of applying descriptive (rank order and t-tests) versus predictive 5 
(regression) quantitative analyses on intervention development, specifically for increasing 6 
antibiotic course completion. For demonstrative purposes, 1,892 adults in Pakistan 7 
completed a cross-sectional survey that measures a comprehensive set of barriers/facilitators 8 
to their course completion. The descriptive and predictive analyses disagreed regarding which 9 
barriers/facilitators to prioritize. Reasons to prefer predictive analyses are discussed.   10 
Keywords: intervention, behavior change, health behavior, Pakistan, medication, 11 
antibiotic  12 
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Choice of methods can determine which behavioral determinates are identified for 1 
targeting in future behavior change interventions:  2 
Increasing antibiotic adherence in Pakistan  3 
When developing complex behavioral interventions, formative research should be 4 
conducted to determine which behavioral influences (barriers and facilitators) to target 5 
(Campbell et al., 2000; Michie et al., 2014). Developing complex nationwide interventions 6 
can be daunting, because different individuals are affected by different behavioral factors to 7 
different degrees, yet it is rarely possible to customize interventions at the individual level. 8 
While different interventions can be rolled out in different locations, addressing all possible 9 
factors is often practically prohibitive and inefficient. Rather, we want to target those barriers 10 
and facilitators likely to generate the greatest population-level benefits. Theory can help, but 11 
the number of possible factors is often too great to be targeted in a single intervention 12 
(Francis et al., 2012). And, moreover, in no situation will all the potentially relevant factors 13 
be of equal causal relevance.  This article contributes to our understanding of this problem by 14 
considering how different methods for selecting factors for targeting can lead to different 15 
conclusions.  We do this in the context of the Theoretical Domains Framework (TDF), the 16 
leading theoretically driven framework for identifying key barriers and facilitators of 17 
behavior (Cane et al., 2012; 2015).  18 
The TDF was developed by synthesizing 33 psychological theories of behavior 19 
change, thus helping interventionists take on a comprehensive and systematic theoretical 20 
approach to, which promotes interventions’ effectiveness and sustainability (Atkins et al., 21 
2017; Michie et al. 2010). The validated version of the TDF condenses 112 unique theoretical 22 
constructs about behavior change into 14 theoretically linked domains.  These include: 23 
‘Knowledge,’ ‘Skills,’ ‘Social/Professional role and identity,’ ‘Beliefs about capabilities,’ 24 
‘Optimism,’ ‘Beliefs about consequences,’ ‘Reinforcement,’ ‘Intentions,’ ‘Goals,’ ‘Memory 25 
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attention and decision processes,’ ‘Environmental context and resources,’ ‘Social influences,’ 1 
‘Emotions,’ and ‘Behavioral Regulation’ (Cane et al. 2012; 2015; definitions in 2 
Supplementary Materials 1). In addition to being linked to theory, each domain is linked to 3 
one or more of the 93 empirically supported behavior change techniques best suited to 4 
leverage its underlying theoretical concepts, either directly or via an intervention function 5 
described by the Behavior Change Wheel (Michie et al. 2014). For example, the ‘Goals’ 6 
domain is linked to the ‘commitment contracts’ technique, which may increase people’s 7 
‘implementation intentions.’  8 
The TDF has been used to identify behavioral influences on medication adherence. 9 
Six examples are provided here. In Canada, a study examined adults’ adherence to 10 
medications that prevent myocardial infractions (Presseau et al., 2016). In England, a study 11 
examined adults’ adherence to nebulizer treatments for Cystic Fibrosis (Arden et al., 2019). 12 
In Northern Ireland, a study examined elderly adults’ adherence to multiple medications 13 
(Patton et al., 2018). In Scotland, a study examined homeless adults’ adherence to 14 
prescription medications (Paudyal et al., 2017). Studies looking specifically at antibiotic 15 
adherence have largely focused on health workers’ behaviors. In Ireland, a study examined 16 
health workers’ tendencies to prescribe antibiotics (Fleming et al., 2014), and in Australia, a 17 
study examined health workers’ use of delayed prescriptions (Sargent et al., 2017). The 18 
current study is the first to use the TDF to identify the behavioral influences on adults’ 19 
antibiotic course completion in a developing country: Pakistan.  20 
When the current study was conducted antibiotic course completion was highlighted 21 
by the World Health Organization (2015) as a significant concern. Pakistan is one of the 22 
largest consumers of antibiotics, and 92% of the Pakistani population report not completing 23 
an antibiotic course (Klein et al., 2018; Atif et al., 2019). The current research team’s 24 
relationship with Gallup Pakistan made it possible to conduct a nationwide survey to examine 25 
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how each TDF domain influences antibiotic course completion. More recent research may 1 
have led us to investigate antibiotic over-use (Llewelyn, 2017).  However, the purpose of our 2 
paper is to use this behaviour (i.e. antibiotic course completion) as an example to test 3 
methods, and not to advocate for a specific intervention for a specific behaviour. 4 
As is common in research using the TDF, most studies use qualitative interviews 5 
(Atkins et al., 2017). The six examples involving the TDF and medication adherence mention 6 
above all use qualitative interviews. The current research is focused on quantitative methods. 7 
Quantitative studies that apply the TDF to develop interventions have used descriptive 8 
analyses to describe the lowest and highest domain scores (e.g. Skoien et al., 2016) or to 9 
describe differences between types of participants at each domain (e.g. Stewart et al., 2018). 10 
While such analyses are informative, they may fall short of what is needed for effective 11 
intervention development. Rank order analyses may prove inadequate when the ranks do not 12 
reflect causal relationships with the intervention’s behavioral outcome, and comparisons 13 
across groups may prove inadequate when the same domains function as powerful influencers 14 
across groups.  15 
As a demonstrative example, the current study compares the consequences of using 16 
descriptive and predictive quantitative analyses to determine which barriers/facilitators are 17 
targeted in an intervention to increase antibiotic course completion. We hypothesized that 18 
some domains would stand out in each analysis, and in particular sought to highlight 19 
differences that may influence intervention development.  20 
Methods 21 
Study design/setting  22 
The current cross-sectional survey was conducted in May 2015 by Gallup Pakistan at 23 
participants’ homes in the Urdu language. The study was approved by the University of 24 
Warwick’s ethics committee (100/15-16). No identifiable information was made available to 25 
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the research team, participation was voluntary, and consent was assumed for those who 1 
completed the survey. The study is reported according to the STROBE statement 2 
(Vandenbroucke et al., 2007).  3 
Participants 4 
The research team planned to opportunistically recruit hundreds of participants, who 5 
indicated that they were at least 18 years old and had taken antibiotics. Participants were 6 
recruited across urban and rural locations. Locations were defined according to the Pakistan 7 
2017 census, such that urban locations are “places with municipal corporation, town 8 
committee or cantonment” and rural locations are not (United Nations, 2019, p. 94). 9 
Measurements  10 
The survey measured participants’ self-reported antibiotic adherence and then each 11 
TDF domain. Antibiotic adherence was defined for participants as taking all the antibiotic 12 
medication provided without stopping in the middle. Antibiotic adherence was assessed using 13 
Morisky et al.’s (1986) Medication Adherence Scale in which participants respond “yes” or 14 
“no” to each of four items, e.g. “Do you ever forget to take your antibiotic medication?” The 15 
domains were assessed using 31 items informed by Huijg et al.’s (2014) validated template 16 
survey items (Supplementary Materials 1). Participants expressed their agreement with each 17 
item using a 10-point scale, from “strongly disagree” to “strongly agree.” Twenty-three items 18 
were positively worded such that higher scores indicated greater facilitators, and the 19 
remaining were reverse worded. Demographic information was also collected, including 20 
participants’ gender, location, age, and monthly income. 21 
Statistical methods  22 
The analyses were conducted in SPSS v.26. Descriptive statistics were calculated to 23 
describe participant retention and demographics. Participants’ antibiotic adherence 24 
classifications were determined based on the number of “yes” responses given to the 25 
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adherence scale: 3-4=low, 1-2=medium, and 0=high. The retention, demographics, and 1 
adherence classifications of urban and rural participants were compared using two-sided 2 
Pearson’s Chi-square tests with a .05 alpha value. 3 
Only participants who completed all the adherence and theoretical domain items were 4 
retained in the following analyses. Domain scores were produced by averaging the items 5 
within each domain to yield a mean score, along with its standard deviation; negatively 6 
worded items were reverse scored. The domain scores of urban and rural participants were 7 
compared using 14 independent-samples t-tests. Significance was assessed using a .05 alpha 8 
value, without applying Bonferroni’s correction due to the exploratory nature of formative 9 
research. Unequal variance was assumed where Levene’s test was significant, i.e. less than 10 
.05 alpha. Next, two ordinal regressions were conducted to identify any domains, entered as 11 
covariates, that significantly predicted participants’ adherence classification (1=low, 12 
2=medium, 3=high), one for urban and one for rural locations. The significance of each 13 
predictor was assessed using a .05 alpha value.  14 
Data sharing statement 15 
The current article includes the complete raw data-set collected including the 16 
participants' data set, syntax file and log files for analysis. Pending acceptance for 17 
publication, all of the data files will be automatically uploaded to the Figshare repository. 18 
Results 19 
Out of the 1,892 participants surveyed, 721 participants indicated having taken 20 
antibiotics (38.1%), and 549 (76.1%) of those participants completed all the items related to 21 
their adherence and the theoretical domains. Of these 549 participants (281 Female), 428 22 
were from urban locations and 121 were from rural locations. The percentage of low adherers 23 
was similar across locations (41.4% urban vs 35.5% rural; X2 (1, N = 549) = 1.33, p = .25). 24 
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The lower sample sizes for rural locations entail that these findings are less reliable. Further 1 
details can be found in Supplementary Materials 2.  2 
The bottom portion of the table in Supplementary Materials 2 provides the domain 3 
scores and standard deviations. Similar patterns appeared across locations. The two lowest 4 
scores across locations were for ‘Optimism’ and ‘Reinforcement’ (Ms range from 4.73 to 5 
5.31), and the three highest scores across locations were for ‘Social/professional role and 6 
identity,’ ‘Beliefs about consequences,’ and ‘Knowledge’ (Ms range from 6.46 to 6.93). The 7 
t-tests revealed significant differences between locations at four domains, where positive t-8 
values indicate higher score for Urban location: ‘Reinforcement’ (t(547) = 2.72), p = 0.01, d 9 
= 0.29), ‘Memory Attention and Decision Processes’ (t(547) = 3.54), p < 0.01, d = 0.37), 10 
‘Skills’ (t(246.6) = 2.72), p = 0.01, d = 0.26), and ‘Behavioral Regulation’ (t(547) = -2.15), p 11 
= 0.02, d = 0.23). No other significant differences were located.  Further details can be found 12 
in Supplementary Materials 3. 13 
Next, the regression results are examined. For the urban location, the model was 14 
significant (χ2(14) = 57.52, p < .001), explaining 14.8% (Nagelkerke R2) of the variance. 15 
The test of parallel lines was not significant (χ2(14) = 10.26, p = .74). The mean variance 16 
inflation factor was 2.1 (range 1.2 to 3.2). Two domains predicted increased adherence: 17 
‘Skills’ with an odds ratio of 1.15 (95% CI: 1.03 to 1.28; Wald χ2(1) = 6.43, p = .01), and 18 
‘Memory attention and decision processes’ with an odds ratio of 1.27 (95% CI: 1.12 to 1.44; 19 
Wald χ2(1) = 13.28, p < .001). For the rural location, the model approached significance 20 
(χ2(14) = 22.75, p = .06), explaining 20.8% (Nagelkerke R2) of the variance. The test of 21 
parallel lines neared significance (χ2(14) = 23.35, p < .06). The mean variance inflation 22 
factor was 2.9 (range 1.2 to 7.1); Knowledge was the only domain with a variance inflation 23 
factor greater than 5. The same two domains predicted increased adherence: ‘Skills’ with an 24 
odds ratio of 1.39 (95% CI: 1.06 to 1.82; Wald χ2(1) = 5.62, p = .02) and ‘Memory attention 25 
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and decision processes’ with an odds ratio of 1.47 (95% CI:  1.08 to 2.01; Wald χ2(1) = 1 
5.84, p = .02). No other predictors were significant in either analysis. Further details can be 2 
found in Supplementary Materials 4.  3 
Discussion 4 
The current study compared the consequences of descriptive and predictive analyses 5 
for intervention development. Each analysis identified different sets of barriers/facilitators to 6 
target. The rank order analysis identified the same five factors across locations: ‘Optimism,’ 7 
‘Reinforcement,’ ‘Social/professional role and identity,’ ‘Knowledge,’ and ‘Beliefs about 8 
consequences.’ The t-tests suggested that ‘Reinforcement’, ‘Memory Attention and Decision 9 
Processes,’ and ‘Skills’ should be targeted for improvement in rural locations, and that 10 
‘Behavioral Regulation’ should be targeted in urban locations. The regression method 11 
identified two significantly influential domains across locations: ‘Skills’ and ‘Memory 12 
attention and decision processes.’ The current authors urge interventionists to use predictive 13 
analyses for quantitative studies. To develop effective interventions, interventionists need to 14 
do more than rank order or compare the domain scores: they need to understand the 15 
predictive relationships between each domain and the intended behavioral outcome or proxy 16 
measure (e.g. see Gibson Miller et al., 2020 and Grady et al., 2017). The discussion now 17 
reviews previous research, some strengths and limitations of the study, and implications for 18 
future research and practice.  19 
Previous related research 20 
The current study’s regressions identified two domains to prioritize. The qualitative 21 
studies mentioned in the introduction tended to identify more, and practical constraints often 22 
require that the number be reduced. Paudyal et al.’s (2017) interview findings suggested that 23 
13 of the 14 domains influenced medication adherence, and then highlighted the six most 24 
mentioned domains as potential targets for future interventions. This choice seems odd, 25 
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because the most mentioned domains may not be the most influential domains in terms of 1 
explaining variance of the target behavior. Patton, et al.’s (2018) interview findings suggested 2 
that all 14 domains influenced adherence. Then they used group consensus to select a smaller 3 
number of domains they could feasibly target in their given context. It is unclear how much 4 
the interviews contributed to their ultimate decisions. While the quantitative method does not 5 
overcome all the uncertainty in making these practical choices, it does provide a more 6 
transparent process for informing them. 7 
Arden et al.’s (2019) and Pressuau et al.’s (2016) studies attempt to capture the 8 
predictive relationships between the domains and medication adherence. Arden et al. 9 
examined whether the number of times each domain was mentioned varied across 10 
participants’ adherence levels. As 12 of the 14 domains did, they were still left with a great 11 
number of domains to consider. Pressuau et al. first used qualitative interviews to identify the 12 
theoretical domains, and then used a quantitative survey to assess the predictive relationships 13 
between medication adherence and behavioral concepts described by a specific theory of 14 
behavior - the Health Action Process Approach (HAPA) - rather than the comprehensive 15 
TDF. Four HAPA concepts significantly predicted medication adherence, and the researchers 16 
used group consensus to map these concepts onto the ‘Social influences’ and ‘Behavioral 17 
regulation’ domains. This mapping process seems unnecessary given that the TDF domains 18 
can be quantified. A review of the HAPA is outside the scope of the current article (see 19 
Schwarzer et al., 2008). Here simply note that an advantage of using the TDF, as opposed to 20 
a specific theory, is that the TDF domains are the result of synthesizing of 33 theories of 21 
behavior change, and so cover more theoretically informed factors. In addition, the TDF 22 
domains are already linked to the empirically supported behavior change techniques most 23 
likely to influence each domain, as described by the Behavior Change Wheel (Michie et al., 24 
2014).   25 
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Implications for future research and practice 1 
The current regression findings suggest that a nationwide intervention to increase 2 
antibiotic course completion in Pakistan should target ‘Skills’ and ‘Memory attention and 3 
decision processes.’ To leverage these domains, the Behavior Change Wheel recommends, 4 
for example, using techniques that restructure the environment (e.g. ‘prompts or cues’ to take 5 
medication in the form of stickers placed on a bathroom mirror), or techniques that enable 6 
course completions (e.g. asking patients to write an ‘action plan’ to take their medication). As 7 
the rank order analysis identified different domains, the Behavior Change Wheel 8 
recommends different techniques. For example, to leverage the ‘Optimism’ domain, the 9 
Wheel recommends using persuasive techniques (e.g. providing ‘information about health 10 
consequences’). In addition, while the t-tests may lead interventionists to tailor techniques to 11 
each location’s unique needs, the regression analyses reveals that the same 12 
barriers/facilitators are influential across locations. Of course, if resources are more plentiful, 13 
less predictive domains could also be targeted, so long as they do not dilute each other’s 14 
effectiveness, which is a common problem in product/service development that Don Norman 15 
refers to as “creeping featurism” (2013). 16 
The current study encourages greater use of quantitative methods in formative 17 
research with the TDF. Beneficially, this move may “take some of the time burden away 18 
from using” the TDF (Phillips et al., 2015, p. 144). Within the current article, rank orders, t-19 
tests, and regression analyses were considered, but other statistical analyses are available and 20 
may be appropriate depending on the research question, e.g. structural equation modeling. 21 
The current recommendation is not strictly to use regressions and never to use rank orders or 22 
t-tests (nor is it to never use qualitative methods). Rather, we only seek to encourage the use 23 
of analyses that assess the predictive relationships between the domains and the 24 
intervention’s intended behavioral outcome when developing behavior change interventions.  25 
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Strengths and limitations 1 
A strength of the current study is the number of participants included in its analyses: 2 
549. Of the four medication adherence studies described above involving the TDF, the largest 3 
number of participants was only 50 (Patton et al., 2018). While smaller numbers of 4 
participants may be sufficient to design interventions for homogenous groups, it seems 5 
unlikely that such small numbers would suffice to develop nationwide interventions. Another 6 
strength of the current study is its use of the TDF (Cane et al., 2012). As we discussed before, 7 
the TDF allows interventionists to consider a comprehensive set of theoretically informed 8 
behavioral domains that are linked to the empirically supported behavior change techniques 9 
best suited to leverage them (Michie, et al. 2014).  10 
Three limitations should be noted. One limitation is the current study’s focus on 11 
antibiotic under-use. Moving forward, formative research to understand antibiotic over-use in 12 
patients and prescribers should be conducted (Llewelyn, 2017). Second, participants’ self-13 
reports are likely influenced by social desirability. The percentage of participants who 14 
indicated having taken antibiotic medication in the current study, 38%, seems lower than 15 
what one would expect given other findings. For example, nearly 80% of outpatient 16 
prescriptions in Pakistan contain at least one antimicrobial agent (Sarwar et al., 2018) and 17 
33% of people admit to purchasing antibiotics without a prescription (Akhund et al., 2019). 18 
The third limitation involves there being three times more participants in urban than rural 19 
locations, and so the results at rural locations are less reliable. However, the lack of statistical 20 
precision should not stop interventionists from taking some action to improve public health. 21 
Rather, interventionists must consider this limitation as they determine what actions to take.   22 
In conclusion, the current study examined the consequences of descriptive versus 23 
predictive quantitative analyses on which barriers/facilitators are selected for behavior change 24 
interventions. The particular domains identified across analyses differed, and so this choice 25 
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can have profound consequence on intervention development. The current research team 1 
recommends using predictive quantitative analyses to understand each domain’s causal 2 
relationship with their intervention’s intended behavioral outcome. 3 
  4 
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Supplementary Materials 1.  
Translations of Items from English to Roman Urdu. RS indicates a reverse scored item.  
 
Scale                                   English Roman Urdu 
Medication Adherence Q1 Do you ever forget to take your 
antibiotic medication?  
Q1 Kya aap kabhi apni antibiotic dawai 
khaani bhoolay hain? 
  Q2 Are you careless at times about taking 
your antibiotic medication?  
Q2 Kya aap ne kabhi apni antibiotic dawai 
khaanay mein laparwahi ki hai?  
  Q3 Sometimes, if you feel worse when 
you take the antibiotics, do you stop 
taking it?  
Q3 Kabhi kabaar agar antibiotic dawai 
khanay se aap ziada baddtar mehsoos 
kerein, tu kya aap dawai khaani chor 
daitay hain?  
  Q4 When you feel better, do you 
sometimes stop taking the antibiotics?  
Q4 Agar aap mehsoos karein keh aap theek 
ho gae hain, tu kya aap antibiotic dawai 
khaani chor daitay hian?  
Knowledge 
(An awareness of the existence of 
something)* 
D1.1 I know that antibiotic medication 
course should be finished 
D1.1 mujhay maaloon hai keh antibiotic course 
poora mukammal karna chahiye 
D1.2 I know how to complete the antibiotic 
medication course 
D1.2 mujhay antibiotic course mukammal 
karna aata hai 
Skills 
(An ability or proficiency acquired through 
practice) 
D2.1 I have the skills to complete the 
antibiotic medication course 
D2.1 mein antibiotic course mukammal karnay 
ki maharat rakhta hoon 
Social/professional role and identity 
(A coherent set of behaviors and displayed 
personal qualities of an individual in a 
social or work setting) 
D3.1 It is my responsibility as a patient to 
complete the antibiotic medication 
course 
D3.1 yeh meray mareez honay ki zimmedari 
hai keh mein antibiotic course mukammal 
karoon 
Beliefs about capabilities 
(Acceptance of the truth, reality, or validity 
about an ability, talent, or facility that a 
person can put to constructive use) 
D4.1 I am confident that I can complete the 
antibiotic medication course even if I 
am not motivated 
D4.1 mujhay yaqeen hai keh agar mera dil na 
bhi chahay tu mein antibiotic course 
mukammal kar sakta hoon  
D4.2 I am confident that if I wanted I could 
complete the antibiotic medication 
course 
D4.2 mujhay yaqeen hai keh agar mein 
chahoon tu mein antibiotic course 
mukammal kar sakta hoon 
D4.3 For me, it is difficult to complete the 
antibiotic medication course (RS) 
D4.3 meray liye antibiotic course mukammal 
karna mushkil hai 
Optimism D5.1 With regards to completing the 
antibiotic medication course, nothing 
bad will happen 
D5.1 antibiotic course mukammal karnay se 
kuch bura nahin hota 
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(The confidence that things will happen for 
the best or that desired goals will be 
attained) 
D5.2 With regards to completing the 
antibiotic medication course, if 
something can go wrong it will (RS) 
D5.2 agar antibiotic course mukammal karnay 
se kuch bura ho sakta hai tu who zaroor 
ho ga 
Beliefs about own consequences 
(Acceptance of the truth, reality, or validity 
about outcomes of a behavior in a given 
situation) 
D6.1 For me, completing the antibiotic 
medication course is useless (RS) 
D6.1 antibiotic course mukammal karna bekaar 
hai 
D6.2 If I complete the antibiotic medication 
course. It will benefit me 
D6.2 agar mein antibiotic course mukammal 
karoon, tu iss mein mera faida hai 
Reinforcement 
(Increasing the probability of a response by 
arranging a dependent relationship, or 
contingency, between the response and a 
given stimulus) 
D7.1 Whenever I complete the antibiotic 
medication course, I feel recognition 
from people who are important to me  
D7.1 jab bhi mein antibiotic course mukammal 
karta hoon tu mujhay unn logon se jo 
meray lye eham hain hosla afzai milti hai 
D7.2 Whenever I complete the antibiotic 
medication course, I get rewarded 
D7.2 jab bhi mein antibiotic course mukammal 
karta hoon tu mujhay inaam milta hai 
Intentions 
(A conscious decision to perform a 
behavior or a resolve to act in a certain 
way) 
D8.1 I intend to complete the antibiotic 
medication course next time 
D8.1 agli dafa mein antibiotic course 
mukammal karnay ka irada kerta hoon 
Goals 
(Mental representations of outcomes or end 
states that an individual wants to achieve) 
D9.1 I have a clear plan of how I will 
complete the antibiotic medication 
course 
D9.1 meray paas antibiotic course mukammal 
karnay ka waazeh mansooba hai 
D9.2 For me covering something else on 
my agenda is often a higher priority 
than completing the antibiotic 
medication course (RS) 
D9.2 aksar meray liye baaki kaam niptana 
antibiotic course khatam karnay se ziada 
zaroori hotay hain 
Memory attention and decision 
processes 
(The ability to retain information, focus 
selectively on aspects of the environment 
and choose between two or more 
alternatives) 
D10.1 For me completing the antibiotic 
medication course is easy to remember 
D10.1 mujhay anitbiotic course mukmmal karna 
aasani se yaad rehta hai 
D10.2 I often forget to complete the 
antibiotic medication course (RS) 
D10.2 mein aksar antibiotic course mukammal 
karna bhool jaata hoon 
D10.3 I get distracted from completing the 
antibiotic medication course (RS) 
D10.3 aksar meri tawajjuh antibiotic course 
mukammal karnay se hat jaati hai 
Environmental context and resources 
(Any circumstance of a person's situation 
or environment that discourages or 
encourages the development of skills and 
abilities, independence, social competence, 
and adaptive behavior) 
D11.1 In my society, completing the 
antibiotic medication course is 
common 
D11.1 meray ilaaqay mein antibiotic course 
mukammal karna aam hai 
D11.2 Within the socio-political context 
there is good communication between 
myself and my doctor 
D11.2 siyaasi o samaaji lihaz se meray aur 
meray doctor ke darmiyaan acha raabta 
hai 
D11.3 Prior to giving the prescription, doctor 
advised me to complete the antibiotic 
medication course 
D11.3 dawai ki parchi denay se pehlay, doctor 
ne mujhay antibiotic course mukammal 
karnay ki hadayat di thi 
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Social influences 
(Those interpersonal processes that can 
cause individuals to change their thoughts, 
feelings, or behaviors) 
D12.1 My friends and family are helpful in 
my completion of the antibiotic 
medication course 
D12.1 meray dost aur ghar walay antibiotic 
course mukammal karnay mein meri 
madad kertay hain 
D12.2 Most people who are important to me 
think that I should complete the 
antibiotic medication course 
D12.2 ziada tar log jo meray liye eham hain 
samajhtay hain keh mujhay antibiotic 
course mukammal karna chahiye 
D12.3 People I know complete their 
antibiotic medication course 
D12.3 mein jin bhi logon ko jaanta hoon, who 
apna antibiotic course mukammal kartay 
hain 
Emotions 
(A complex reaction pattern, involving 
experiential, behavioral, and physiological 
elements, by which the individual attempts 
to deal with a personally significant matter 
or event) 
D13.1 I generally feel worried or concerned 
about not completing the antibiotic 
medication course (RS) 
D13.1 mein apna antibiotic course mukammal na 
karnay ke baray mein pareshan rehta hoon 
D13.2 I generally feel good about completing 
the antibiotic medication course 
D13.2 antibiotic course mukammal kar ke mein 
khushi mehsoos karta hoon 
D13.3 I generally enjoy my normal day to 
day activities 
D13.3 mein apni roz marra ki zindagi enjoy 
karta hoon 
D13.4 I generally feel unhappy and 
depressed (RS) 
D13.4 aam taur pe mein nakhoosh aur udaas 
rehta hoon 
Behavioral regulation 
(Anything aimed at managing or changing 
objectively observed or measured actions) 
D14.1 I usually complete my antibiotic 
medication course without thinking 
D14.1 mein ziada sochay baghair antibiotic 
course mukammal ker leta hoon 
D14.2 I keep track of my progress in 
completing the antibiotic medication 
course 
D14.2 antibiotic course mukammal karnay ke 
liye mein apni peshraft ko dekhta rehta 
hoon 
* The definitions of each domain come from Table 2 of Cane, et al. (2012), which are based on definitions from the American Psychological 
Associations’ Dictionary of Psychology (Vandenbos, 2007).  
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Supplementary Materials 2.  
Descriptive statistics for all participants and then urban and rural participants for demographics 
and survey items. 
  Location 
  urban rural 
Surveyed by Gallup 1,376 516 
Indicated taking antibiotics a 547 174 
Completed all Adherence and TDF items b 428 121 
Gender c Female 241 (56.3%) 40 (33.1%) 
Age d under 30 years 165 (38.6%) 43 (35.5%) 
 30 to 50 years 229 (53.5%) 70 (35.5%) 
 over 50 34 (7.9%) 8 (6.6%) 
Monthly Income e no response 44 (10.0%) 22 (18.2%) 
 up to 7,000 35 (8.2%) 31 (25.6%) 
 7,001 to 15,000 128 (29.9%) 25 (28.9%) 
 15001 to 30,000 141 (32.9%) 26 (21.5%) 
 more than 30,000 80 (18.7%) 7 (5.8%) 
Adherence 
Classification d 
low 177 (41.4%) 43 (35.5%) 
 medium 210 (49.1%) 70 (57.9%) 
 high 41 (9.6%) 8 (6.6%) 
Domain Scores Optimism 5.17 (1.84) 5.18 (1.40) 
 Reinforcement 5.31 (2.15) 4.73 (1.79) 
 Goals 5.80 (1.68) 5.86 (1.53) 
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 Behavioral regulation 5.72 (2.17) 6.24 (2.31) 
 Memory attention … 6.03 (1.72) 5.42 (1.56) 
 Intentions 6.14 (2.90) 5.91 (2.94) 
 Social Influences 6.11 (2.33) 6.10 (1.85) 
 Skills 6.36 (2.69) 5.74 (2.06) 
 Environmental … 6.25 (2.24) 6.16 (1.96) 
 Emotions 6.30 (1.79) 6.16 (1.40) 
 Beliefs about capabilities 6.26 (1.61) 6.33 (1.55) 
 Knowledge 6.46 (2.82) 6.89 (2.87) 
 Beliefs about conseq… 6.52 (2.08) 6.74 (1.86) 
 Social/professional role… 6.93 (2.76) 6.65 (2.64) 
a The percentage of participants indicating having taken antibiotics was higher in the in urban than 
rural groups (χ2(1) = 6.00, p = .01, φ = .06). 
b The percentage of participants completing all the survey items was higher in urban than rural 
locations (χ2(1) = 5.51, p = .02, φ = .09). 
c There were more females in the urban group than the rural group (χ2(1) = 20.41, p < .001, φ = .19). 
d Neither participants’ age (χ2(2) = 0.77, p = .68 φ = .04) nor adherence classification (χ2(2) = 3.16, p 
= .21) differed across locations.  
e Participants in the urban group had higher incomes than the rural group (χ2(3) = 39.24, p < .001, φ 
= .29); Note that only 483 participants stated their income.  
  
BEHAVIORAL DOMAINS AFFECTING COURSE COMPLETION  26 
 
Supplementary Materials 3.  
 
 
 
 
 
 
  
BEHAVIORAL DOMAINS AFFECTING COURSE COMPLETION  27 
 
Independent samples T-test analyses comparing urban and rural participants at each domain.  
Domain                                 
 
 Levene's Test for Equality of 
Variances 
t-test for Equality of Means 
 F Sig. t df Sig. (2-tailed) Mean 
Difference 
Std. Error 
Difference Equal Variance 
Assumed 
Optimism  No 6.41 0.01 -0.06 249.36 0.95 -0.01 0.15 
Reinforcement  Yes 3.41 0.07 2.72 547.00 0.01 0.58 0.21 
Goals  Yes 0.30 0.58 -0.39 547.00 0.69 -0.07 0.17 
Behavioral regulation  Yes 3.21 0.07 -2.25 547.00 0.02 -0.51 0.23 
Memory attention …  Yes 1.21 0.27 3.54 547.00 0.00 0.62 0.17 
Intentions  Yes 0.10 0.75 0.76 547.00 0.45 0.23 0.30 
Social Influences  No 8.18 0.00 0.03 238.84 0.98 0.01 0.20 
Skills  No 24.33 0.00 2.72 246.60 0.01 0.62 0.23 
Environmental …  Yes 2.67 0.10 0.40 547.00 0.69 0.09 0.22 
Emotions  No 12.54 0.00 0.91 240.64 0.36 0.14 0.15 
Beliefs about capabilities  No 0.02 0.89 -0.37 199.11 0.71 -0.06 0.16 
Knowledge  No 0.01 0.94 -1.45 190.10 0.15 -0.43 0.29 
Beliefs about conseq…  Yes 2.78 0.10 -1.06 547.00 0.29 -0.22 0.21 
Social/professional role…  Yes 0.72 0.40 0.99 547.00 0.32 0.28 0.28 
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Supplementary Materials 4.  
Ordinal regression analysis results for urban and rural participants separately.  
    Urban  Rural  
Wald df Sig Odds Ratio 95% CI Wald df Sig Odds Ratio 95% CI 
Domains 
    
Lower Upper     Lower Upper 
Knowledge 0.31 1.00 0.58 1.04 0.92 1.17 0.10 1.00 0.75 0.95 0.67 1.34 
Skills 6.43 1.00 0.01* 1.15 1.03 1.28 5.62 1.00 0.02* 1.39 1.06 1.82 
Social/professional role … 1.82 1.00 0.18 0.93 0.84 1.03 0.02 1.00 0.90 0.98 0.77 1.25 
Beliefs about capabilities 1.33 1.00 0.25 1.09 0.94 1.28 0.01 1.00 0.94 1.02 0.69 1.49 
Optimism 1.39 1.00 0.24 1.07 0.96 1.20 0.08 1.00 0.77 1.04 0.78 1.39 
Beliefs about consequences 3.42 1.00 0.07 1.13 0.99 1.28 1.36 1.00 0.24 1.17 0.90 1.52 
Reinforcement 0.04 1.00 0.84 1.01 0.91 1.13 0.06 1.00 0.80 1.03 0.80 1.33 
Intentions 3.49 1.00 0.06 0.90 0.81 1.01 0.43 1.00 0.51 0.93 0.74 1.17 
Goals 0.29 1.00 0.59 1.04 0.91 1.17 0.36 1.00 0.55 0.91 0.67 1.24 
Memory attention … 13.28 1.00 0.00** 1.27 1.12 1.44 5.84 1.00 0.02* 1.47 1.08 2.01 
Environmental context … 0.02 1.00 0.90 1.01 0.87 1.17 0.00 1.00 0.99 1.00 0.68 1.47 
Social influences 3.85 1.00 0.05 0.87 0.75 1.00 0.53 1.00 0.47 0.86 0.57 1.29 
Emotions 1.64 1.00 0.20 1.12 0.94 1.32 0.27 1.00 0.61 1.13 0.71 1.80 
Behavioral regulation 0.92 1.00 0.34 1.06 0.94 1.20 0.77 1.00 0.38 1.15 0.84 1.56 
* indicates p < 0.05, ** indicates p < 0.01   
